Abstract The pelagic nekton community was sampled with the RMT 25 opening/closing net and a neuston net at two stations in the Scotia Sea south of the Antarctic Polar Front in the open ocean (Station 1) and on the South Georgia northwestern slope (Station 2). Downward oblique tows were made with the RMT 25 through discrete 200 m layers to 1000 m in daylight and darkness. A total of 119 cephalopods representing nine species were removed from the samples, and mantle and arm lengths were measured to the nearest 0.1 mm. glacialis. This species was absent from the Antarctic Surface Water (ASW) at Station 1, where it was concentrated in the Circumpolar Deep Water (CDW). At Station 2 it was present throughout the water column to 1000 m. The other species were all caught in the core of the CDW ( > 400 m). In juvenile B. ?picta, G. glacialis and A. antarcticus, growth of the brachial crown is positively allometric with respect to mantle length. Recent data on biomass spectra in high-latitude pelagic systems show that they are characterised by the presence of peaks of biomass separated by biomass minima.
Introduction
Cephalopods, especially pelagic squid, caught by antarctic vertebrate predators have been the subject of several studies over the last decade (Clarke 1980; Offredo et all 1985; Rodhouse et al. 1987 Rodhouse et al. , 1990 Rodhouse et al. , 1992a Imber 1992; Rodhouse and Prince 1993) but there are fewer studies based on net-caught specimens, largely because of the relative inefficiency of nets for sampling squid. Information on the fine-and meso-scale distribution of antarctic pelagic cephalopods, and their role as predators in the southern ocean pelagic ecosystem is thus relatively poorly known.
Sampling with the rectangular midwater trawl (RMT) 8 net has shown that the antarctic cranchiids
Galiteuthis glacialis and Mesonychoteuthis hamiltoni
are concentrated in the upper layer of the Circumpolar Deep Water (CDW) Clarke 1985, 1986) , but this net is relatively inefficient for catching active muscular cephalopods. In order to sample the muscular cephalopods in the Scotia Sea area, the larger RMT 25 net was deployed in 1987 (Rodhouse 1990 ) and in 1991 as part of a programme to investigate the community structure and biomass spectrum of the pelagic nekton fauna (Paitkowski et al. 1994; Rodhouse et al. 1994) .
Biomass spectra in pelagic systems are characterised by the presence of peaks of biomass separated by biomass minima (Witek and Krajewska-Soltys 1989; Boudreau and Dickie 1992) and these minima must be spanned by predators as they grow and the optimum size of their prey increases. Individual body mass at peaks in the biomass spectra are separated by one to several orders of magnitude, so there must be critical periods during the life history of pelagic predators at the point when they are shifting diet from one peak to the next. In this paper we present results on the vertical distribution of cephalopods caught with the RMT 25 and neuston net in 1991 at two stations in the Scotia Sea, and propose the causal hypothesis that strong positive allometric growth in the brachial crown (length of the arms) of three species of squid has evolved as an adaptation to the structure of the pelagic biomass spectrum.
Materials and methods
Cephalopod specimens were removed from nekton samples taken at two stations occupied by R.R.S. "John Biscoe" south of the Antarctic Polar Front (APF) in the Scotia Sea using an opening/closing rectangular midwater trawl with a design aperture of 25 m 2 (RMT 25) Rodhouse et al. 1994) . At Station 1 (13 to 15 January 1991, oceanic Scotia Sea, bottom depth 4100 m), hauls fell within 57~ to 57~ 55~ to 55~ and at Station 2 (28 to 30 January 1991, South Georgia northwestern slope, bottom depth 1500 m), hauls fell within 53~ to 53~ 38~ to 38~ Each 200 m layer from the surface to 1000 m was sampled by nominal 2 h downward oblique tows in daylight and darkness (defined by sunrise and sunset). Mean water volume filtered per 2 h haul was 260000 _ 48 000 m 3. At each station, a neuston net, a rectangular frame net with a design aperture of 1 m 2 and a mesh size of 5 mm, was also deployed in the surface layer from the foredeck. Station positions and vertical hydrographic structure at each station are shown in Fig. 1 . The hydrography is described in detail in Piatkowski et al. (1994) . Dorsal mantle length (ML) and arm lengths, from the oral side of the most proximal sucker to the arm tip (ALI-ALIV), of all cephalopods were measured with Vernier calipers to 0.1 ram. Statistical procedures were performed using the Minitab statistical package (Ryan et al. 1985) .
Results

Species
A total of 119 cephalopods were caught. Eight species were identified, together with a further specimen that was unidentifiable. Species depth-range and size data are given in Table 1 .
The most abundant species at each station was an undescribed member of the genus Brachioteuthis. The family Brachioteuthidae is in need of revision (Roper 1983) . The Antarctic species has been provisionally identified as B. picta (Roper et al. 1985) , but according to Nesis (1987) , who refers to it as the notalianAntarctic "B. riisei", this is almost certainly a new species. Here we record it as Brachioteuthis ?picta, which is consistent with previous references to the same species (Rodhouse 1990; Rodhouse et al. 1992a; Piatkowski et al. 1994 ). Brachioteuthis ?picta and Galiteuthis gIacialis is shown in Fig. 2 . B. ?picta was present throughout the water column to 1000m, and there was little evidence of ontogenetic descent. The two largest specimens (83 and 113 mm ML) were caught at the surface in the foredeck frame net with the RMT25 at 800 to 1000 m. No B.
?picta were caught in the 0 to 200 m layer in daylight, which may reflect either a diel vertical migration pattern or avoidance of the nets in daylight. Largest numbers were caught at 400 to 800 m in the core of the CDW.
There was some evidence for ontogenetic descent in Galiteuthis glaciaIis, with the largest specimens (> 140 mm ML) being caught in the 800 to 1000 m layer. The species was absent from the Antarctic Surface Water (ASW) at Station 1, where it was concentrated in the CDW. At Station 2 it was present throughout the water column to 1000 m. The other six species were all caught at depths > 400 m in the core of the CDW.
Allometry
Allometric constants for the equations relating mantle length to arm and tentacle length in Brachioteuthis ?picta, Galiteuthis glaciaIis and Alluroteuthis antarcticus are given in Table 2 . In those species for which a sufficient size range of specimens is available for analysis, growth of all arms is positively allometric with respect to mantle length (b > 1.0; p < 0.05). The arms grow at a relatively faster rate than the mantle, so that in B.
?picta, G. glacialis and A. antarcticus mean arm length, as a proportion of mantle length, increases from 0.20 to 0.34, 0.07 to 0.18 and 0.40 to 0.62 respectively between 15 and 50 mm ML. The intercepts (A) in the equations in 
(1)
(1) 
Discussion
Distribution
This study arises from the second of two cruises in which the RMT 25 has been used to sample cephalopods in the Scotia sea. The species composition was largely similar to that sampled with the same net fished open at two stations in the vicinity of South Georgia in 1987 (Rodhouse 1990 ). However, Gonatus antarcticus, K ondakovia Iongimana, Batoteuthis skolops, Taonius sp., and a pelagic octopodid which were present in small numbers in the 1987 samples, were absent from the present collection. Several Antarctic species that are frequent in the diet of vertebrate predators at South Georgia (Rodhouse et al. 1987 (Rodhouse et al. , 1992a Rodhouse and Prince 1993) were not caught with this net. The most conspicuously absent were Martialia hyadesi, Kondakovia Iongimana and Moroteuthis knipovitchi, which are among the most important prey species in terms of biomass and number. The presence of comparatively large numbers of juvenile Brachioteuthis ?picta, Galiteuthis 91acialis and Alluroteuthis antarcticus at the offshore Station 1 indicates that these species are all oceanic spawners that breed in the Antarctic Circumpolar Current and are likely to have uninterrupted circumpolar distributions. Paralarvae and juveniles of two species, Martialia hyadesi and Gonatus antarcticus, that are common in the diet of predators in the Scotia Sea, have been caught on the southern edge of the Patagonian Shelf (Rodhouse et al. 1992b) , indicating that spawning takes place on the shelf edge or shelf break region. The spawning areas of other species, known from predator data to be abundant in the region, remain to be established. Furthermore, the presence of undescribed species of the genera Brachioteuthis and a new species of Chiroteuthis in the present collection emphasises the need for systematics research on the southern ocean cephalopods. Both the Brachioteuthidae and the Chiroteuthidae are in need of revision (Roper 1983) .
Apart from Brachioteuthis ?picta, all cephalopod species caught during this study were associated with the upper and lower mesopelagic nekton communities of the CDW described by Piatkowski et al. (1994) . The vertical distribution of B. ?picta extended into the epipelagic community of the ASW. This species was caught in the top 1 m of the ocean in the neuston net, and so it is difficult to explain its absence from the diet of near-surface feeding seabirds (Rodhouse et al,. 1987 Rodhouse and Prince 1993) , although it occurs frequently in the gut contents of the deep-diving southern elephant seal (Rodhouse et al. 1992a) . Conversely it remains paradoxical that species such as Galiteuthis glacialis and Alluroteuthis antarcticus, large specimens of which have only been caught by nets in the mesopelagic zone, are regularly found in the gut contents of near-surface feeding seabirds. It has been suggested that these species float when dead or moribund, which may explain their presence in the diet of surface and near-surface feeding birds (Lipinski and Jackson 1989) .
Adaptive allometry
The RMT 25 net that caught the cephalopods in this study apparently sampled the smaller organisms comprising the left-hand side of a peak in the biomass spectrum including nektonic crustaceans, fishes and the gelatinous cnidarians, ctenophores and tunicates with body volumes in the range 0.1 to 100 cm 3 . The spectrum of smaller planktonic and microplanktonic organisms in the Antarctic pelagic system was analysed by Witek and Krajewska-Soltys (1989) in spring/summer and was found to be characterised by peaks dominated by phytoplankton and ciliates, cyclopoid copepods, calanoid copepods, chaetognaths, small euphausiids and salps. The peak composed of cyclopoid copepods corresponded to body volumes in the range 2 x 106 to 3 x 107 gm 3, that comprised of calanoid copepods and chaetognaths corresponded to body volumes in the range 1 to 50 mm a, and that comprised of salps corresponded to body volumes in the range 1 to 10 cm 3. A peak composed of large euphausiids fell in a body-volume class intermediate between calanoid copepods etc. and salps.
The presence of peaks within the pelagic biomass spectrum provides the basis for a causal hypothesis to explain the evolution of strongly positive allometric growth in the brachial crown of juvenile oceanic squids such as Brachioteuthis ?picta, Galiteuthis 91acialis and Alluroteuthis antarcticus reported here and for other species reported elsewhere (Vidal 1994 ). The hypothesis is as follows: the squids generally grow rapidly relative to other members of the nekton, usually reaching full adult size in -~ 1 yr. The brachial crown -the squid's functional mouth (Packard 1972) , is relatively small at hatching, and adapted for predation on the smallest metazoan peak in the pelagic biomass spectrum occupied by cyclopoid copepods. As the squids rapidly grow and enter the juvenile phase, they track across the biomass spectrum and shift the diet from the small planktonic peaks to the larger nektonic peaks of biomass occupied by the euphausiids and myctophid fishes. It is in response to this need to shift predation from one peak in the biomass spectrum to the next that the relative size of the brachial crown changes rapidly, accommodating the transition between diets differing in individual body volume by approximately one order of magnitude. This concept of adaptive positive allometry of brachial crown growth in response to the peaked pelagic biomass spectrum is illustrated in Fig. 3 using G. gIacialis as an example. .c E Fig. 3 Galiteuthis glacialis. Schematic diagram illustrating concept of adaptive allometry of brachial crown in response to antarctic pelagic biomass spectrum. Mantle lengths are drawn the same size in order to emphasise positive aIiometric growth of brachial crown (note logarithmic biomass-spectrum scale) ity in characters such as arm and tentacle length might give rise to rapid and reversible microevolutionary changes in the brachial crown within populations. In response to inter-annual variability in the shape of the pelagic biomass spectrum, selection may favour certain allometric variations. If such microevolutionary events occur, this would explain some of the temporal and geographical variability of species, and limit the value of squid morphometrics as taxonomic characters.
In common with arm growth, tentacle growth with respect to mantle length is positively allometric in A1-luroteuthis antarcticus but negatively allometric in Galiteuthis glaciaIis, and isometric in Brachioteuthis ?picta. According to the causal hypothesis, the allometry of the brachial crown shows the same response to the domed structure of the biomass spectrum, and the need to shift predation between domes, in all three species but, on the evidence of relative growth of the tentacle, the development of strategies for stalking and capture of prey differs among these species.
Inter-specific differences in the size of the brachial crown relative to body size, together with the relative size and form of the armature of the arms and tentacles, hatching depth and rate of ontogenetic descent, may additionally provide a mechanism for trophic niche separation among sympatric species of pelagic cephalopods (Rodhouse 1988) .
We can speculate that the short life cycles of pelagic squid coupled with high levels of intra-specific variabil-
